As discussed, the hydrologic cycle represents the
constant movement of water between the earth's sur-
face and atmosphere. As used hereafter, the term
water resource relers only to water in its occurrence
as surface and ground water. The original supply for
the water resource is precipitation, which includes
rain and snowiall. The average annual precipitation,
which occurs within a particular geographic area, rep-
resents the overall or gross supply of water to that
area.

The gross, long-term supply of water to Indiana, in
the form of precipitation, amounts to a statewide an-
nual average of 38.0 inches per year. However, as Fig-
ure 3 indicated, annual average precipitation in Indi-
ana will vary between 36.0 inches in the north to 44.0
inches in southern Indiana. The mean monthly precipi-
tation for selected stations in northern, central, and
southern Indiana is shown on Figure 12.

Not all of the precipitation is directly available to
maintain the water resource, as indicated in Figure 13,
Much of the water is lost to evapotranspiration. It is
estimated that approximately sixty-nine percent or
26.0 inches of the average annual precipitation in In-
diana is returned to the atmosphere.

Therefore, of the original 38.0 inches of precipita-
tion, approximately 12.0 inches represent the annual
net supply of the water resource.

It is convenient to discuss Indiana’s water resource
in terms of its two major components, ground water
and surface water. The distinction between the
ground-water component and the surface-water com-
ponent is implied by their names. Ground water oc-
curs in consolidated and unconsolidated underground,

geologic formations. Surface water occurs in surface
streams and lakes.

In general, ground water is supplied by that portion
ol precipitation that infiltrates through the soil profile
to underlying, geologic formations, or aquifers, that
have the ability to absorb, store, and transmit water.

Although information is limited, it appears that
approximately nine percent of the average annual
precipitation recharges, or is contributed to, the
ground-water system. In Indiana, this ground-water
recharge from precipitation is equal to about 3.0 to 3.6
inches per year, as indicated in Figure 13. This
translates into a range of 143,000 to 171,000
gallons-per-day-per-square-mile of precipitation being
contributed to the ground-water system.

As the precipitation moves downward and into the
aquifer systems there is a continuing and somewhat
corresponding amount of water that moves out of the
aquiler system as seepage and underflow into the
streams, rivers, and lakes. This seepage, or “basefow,"
constitutes the major portion of the normal and low
flow of the streams and is a significant part of the
water contained in the stream during periods between
surface runofif-producing rainfall events.

About twenty-two percent, or 84 to 9.0 inches, of
the annual average precipitation is direct, surface
runoff to streams and lakes. This translates to a range
of 400,000 to 429,000 gallons-per-day-per-square-mile
of surface runcff from precipitation.

Since the ocutflow from the aquifer systems is to sur-
face streams, the yield of the ground-water system is
included in and measured as a part ol the total stream
flow, or runoff. Consequently, given the 38.0 inches of
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Figure 12
Graphs indicating the mean monthly precipitation for selected lacations in northern (Wheatfield station},
central (Muncie station), and soulhern (Brookville slation} portions of Indiana.
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Figure 13
lllustration of the distribution of average annual
precipitation in Indiana.
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annual average precipitation in Indiana, less the 26.0
inches lost to evapotranspiration, the remaining 120
inches may be expressed as the total average annual
runolf. As indicated in Figure 14, this average annual
runoff of 12.0 inches ranges from 10.0 to 18.0 inches
from northern to southern Indiana. The mean monthly
runoff for selected stations in northern, central, and
southern Indiana are shown in Figure 15.

The availability and occurrence of the ground-water
and surface-water components of the water resource
in Indiana are hereafter discussed separately.
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Figure 14
Map of Indiana showing the general distribution
of average annual runocif in inches.

Figure 15 (Shown at right)
The mean monthly runoff for selected stations in northern
(Kankakee River at Shelby), central (West Fork of the White
River at Muncie), and southern (Laughery Creek near
Farmers Retreat) Indiana.
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GROUND WATER

Ground water in Indiana occurs in a variety of both
unconsolidated and bedrock aquifer systems capabie
ol yielding potable water in sufficient quantity to pro-
vide a source of supply. The most significant of these
aquifers are the various unconsolidated outwash sand
and gravel deposits associated with glacial drift and
the limestone, dolomite, and sandstone bedrock for-
mations.

General ground-water availability from unconsoli-
dated and bedrock aquifers is determined by delineat-
ing the areal extent and saturated thickness of the
geologic formations and estimating their relative
porosity, permeability, and yield capabilities. Potential
yields for both unconsolidated and bedrock aquilers
are defined by utilizing existing geologic information
and data, and available water well records. The water
well records, such as pumping rates and ground-water
levels, are collected from a network of ground-water
observation wells and records provided by profes-
sional well drillers. The network of the ground-water
observation wells is shown in Figure 16.
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Figure 16
Map of Indiana showing the name and location of active
ground-water observation wells,

The potential yield of ground water is expressed in
terms of gallons-per-minute. For convenience, Table 3
converts the measure of gallons-per-minute into the
corresponding rates in million-gallons-per-day.

Table 3
The measure of gallons-per-minute and the corresponding
measure in million-gallons-per-day.

Gallons-FPer-Minute Million-Gallons-Per-Day

10 0.14
50 072
100 0.144
200 0.288
400 0.576
600 0.863
1,600 11,439
2,000 2878

Unconsolidated Aquifers

The most productive ground-water aquifers are
associated with glacially derived outwash sand and
gravel deposits that occur in the major river valieys.
These unconsolidated materials were deposited as a
result of glaciation. Drainage courses, which were cut
by glacial melt waters and now occupied by a number
of rivers and streams, were in many cases filled with
such deposits. These aquifers are capable of yielding
2,000 gallons-per-minute (gpm) or more to properly
constructed, large diameter wells,

Other productive ground-water aquifers are the
thick, inter-till sand and gravel deposits found in cen-
tral and northern Indiana. The withdrawal potential of
ground water from these unconsolidated aquifer sys-
tems ranges between 400 and 2,000 gpm from properly
constructed, large diameter wells.

Bedrock Aquifers

Like the unconsolidated deposits, the bedrock for-
mations also have the ability to absorb, store, and
transmit water. The major bedrock aquilers which
occur in Indiana are the Pennsylvanian, Mississippian,
Devonian, and Siiurian aquifers. A geologic column
indicating the age and water bearing characteristics of
these bedrock formations is shown on Figure 17

On a general basis, the incidence of mineralized or
even saline ground water in Indiana increases rapidly
at bedrock depths below 300 feet, and even shallower
in some areas. Therefore a discussion and evaluation
of the ground-water potential of the bedrock aquifers
is essentially confined to those geologic units lying
above the expected limits of nonpotable water.

Pennsylvanian Becrock  Aquilers contained within the
Pennsylvanian age bedrock are generally of low yield-
ing capability, seldom supplying more than 20 gpm to
a properly constructed well. However, their value is
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most significant to the homes and farms utilizing these
sources in southwestern Indiana, and to those water-
flood oil operations requiring fresh water for injection
and re-pressurization of oil-bearing formations. Those
portions of Indiana with underlying Pennsylvanian age
bedrock aquifers are shown in Figure 18.
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Figure 18
Map of Indiana showing Lhose areas with underlying
Pennsylvanian bedrock aquilers.

Potentially higher yielding wells may be obtained in
the thicker sandstone members of the Mansfield For-
mation along the eastern fringes of the outcrop area in
Warren, Fountain, Parke, Clay, Greene, Daviess, Dubois,
and Spencer Counties, where some wells approaching
100 gpm could be obtained. In addition the Inglefield
Sandstone of the McLeanshoro Group in Posey, Van-
derburgh, and Gibson Counties could yield up to 100
gpm.

In general, well depths are greater in the Pennsyl-
vanian rocks than in other geologic systems in the
state, and depths approaching 300 [eet are common.
Well casing diameters are usually six inches or greater,
indicating the low yield capabilities of these aquifers.
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Because of the low permeability of the bedrock, the
abundance of shale confining zones both above and
below aquifer systems, and the limitations in available
drawdown, it is seldom possible to divert large vol-
umes of water into any particular pumpage center.

Mississippian Bedrock The Mississippian age bedrock
aquifers can be broken into three reasonably distinct
groups, as shown in Figure 19. They include the up-
permost alternating limestone-shale-sandstone units,
which are not considered an important aquifer source
and contain only small amounts of water (generally
yielding less than 10 gallons-per-minute); the middle
Mississippian age limestone sequence that is promi-
nent in south-central Indiana and which can in lo-
calized areas yield up to 100 gpm, particularly in Har-
rison, Orange, and Washington Counties, but normally
yields only small amounts sufficient {or home use; and
finally the siltstone and shale formations of the lower
Borden Group that yield little ground water. A notable
exception to this broad classification is the higher than
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Figure 19

Map of Indiana showing those areas with underlying
Mississippian bedrock aquifers,



normal yields that can be expected from the lower
Mississippian Borden Group in near northwestern In-
diana where glacial deposits containing scattered
amounts of sand and gravel overlie these bedrock
formations. Yields in excess of 200 gpm have been ob-
tained from properly constructed wells in these bed-
rock aquifers.

In general the Mississippian aquifers are not consid-
ered major sources of ground water in the state and
exclusive of the anomalous conditions in Montgomery
and Fountain Counties, average well yields are less
than 10 gpm. Well depths vary widely, ranging from 50
to 350 feet.

Devonian Bedrock Black shale, limestone, and dolo-
mité formations are the dominant rock types of the
Devonian age bedrock aquifer system in the state.
Those portions of Indiana with underlying Devonian
age bedrock aquifers are shown in Figure 20.
Significant aquifer sources are confined to the lime-
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Figure 20
Map of Indiana showing those areas with underlying
Devonian bedrock aquifers.

stone and dolomite units, and marked differences exist
between the water-bearing characteristics of these
formations. From the northern part of the state south-
ward to the Ohio River radical changes occur in the
water-yielding capabilities of the limestone-dolomite
units. These changes can be attributed to the direct
effects produced by glaciation in the state.

Well yields from the limestone-dolomite aquifers
range from 100 to 600 gpm, for the more productive
systems in the northern half of the state, to generally
less than 50 gpm for the southern sectors where most
well yields will be less than 10 gallons-per-minute.
Well yields from the New Albany shale are not
significant, and dry holes and wells yielding less than
five gpm are common.

Silurian Bedrock The Silurian age bedrock aquifers,
shown in Figure 21, are composed primarily of lime-
stones and dolomite with some interbedded shale
units.
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Figure 21
Map of Indiana showing those areas with underlying Silurian
bedrock aquifers.
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Silurian bedrock aquifers are an important source of
water for many communities in the northern half of
the state and are also utilized by thousands of resi-
dents served by individual domestic wells. In portions
of Lake, Newton, and Jasper Counties they are tapped
by numerous irrigation wells.

Potential yields from the Silurian aquifer system
vary from 10 gallons-per-minute to 600 gpm. Highest
well yields generally occur in areas that were covered
during the Wisconsinan glaciation, especially where
permeable sand and gravel deposits directly overlie
the Silurian rocks. Shale units within the Silurian
aquifer system such as the Mississinewa shale and the
Waldron shale limit the hydraulic connection between
the water-producing zones. However, in most of the
northern portion of Indiana, the limestone and dolo-
mite aquifers can be expected to yield up to 400 gpm
from properly constructed wells. In southeastern In-
diana where the glacial deposits are thinner well yields
range from 5 to 100 gpm.

Cambrian and Ordovician Bedrock The Cambrian and
Ordovician age bedrocks form a thick sequence of
shales, limestones, dolomites, and sandstones. Aquif-
ers from these formations produce nonpotable water
in nearly all of Indiana. Upper Ordovician shales and
limestones, exposed in southeastern Indiana are of
such low permeability that they are considered to be
nonwater units. Throughout the remainder of the state,
the Cambrian and Ordovician rocks are deeply buried
by the younger rock units. The only possible source of
potable water within this sequence occurs in extreme
northwestern Indiana where the St. Peter sandstone of
the lower Ordovician may produce moderate quan-
tities of nonmineralized water. Elsewhere, water from
the Cambrian and Ordovician sequence is either saline
or highly mineralized. Beneath these rocks are the
Precambrian crystalline rocks which do not contain
either recoverable or useable water.

Ground-Water Availability

Ground-water capabilities vary widely in the state
ranging from as little as 10 gpm or less to over 2,000
gpm to properly constructed, large-diameter wells.
The availability of ground water on a statewide basis
is shown on Figure 22. This generalized ground-water
potential map portrays the range of probable
maximum yields which can be expected from a prop-
erly constructed large-diameter well penetrating the
full thickness of the aquifer. The ground-water yield
potential represents a consolidation of both uncon-
solidated and bedrock aquifers with similar water
yielding characteristics.
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Figure 22

Map of Indiana showing the potential yield of ground water
from properly constructed large diameter wells.
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There are seven ground-water yield categories in
Indiana as shown on Figure 22. Category 1 shows the
poorest water yielding areas with well yields usually
less than 10 gpm. Dry holes are common in many of
these areas. Category la depicts areas of marginal
ground-water supplies with well yields generally less
than 10 gpm; however yields of 50 gpm occur in lo-
calized areas. Some dry holes may also occur in these
areas. Category 2 represents areas of limited ground-
water availability, but slightly better than categories 1
and la. Wells are expected to produce between 5 to
100 gpm, although yields may be less in some areas.
Category 3 includes areas with fairly good ground-
water conditions, with yields from 100 to 200 gpm.
Category 4 indicates those areas with wells capable of
producing yields from 200 to 400 gpm. Category 4a
identifies areas with very good ground-water condi-
tions with well yields usually between 400 to 600 gpm.
Category 5 delineates those areas where wells may
potentially yield 1,000 or more gpm.

The various categories of ground-water yields are
only a measure of the relative productivity of the sev-
eral aquifer systems. These yield potentials do not
indicate that an unlimited number of wells, of the
specified yield, can be developed in any given location.
Detailed studies including exploratory drilling and test
pumping should be conducted to adequately evaluate
the ground-water resource in any given area and the
resultant change in water level as produced by the
pumpage.

Northern Indiana In general, the ground-water re-
source of northern Indiana can be classified as being
good to excellent, and exclusive of some areas near
northwestern Indiana, well yields of from 200 to 2,000
gpm or 0.3 to 2.8 million-gallons-per-day (mgd) can be
expected in most areas. Major areas of ground-water
availability are found where the productive Silurian-
Devonian bedrock aquifer system underlies large
areas, and where deposits of glacial material up to 500
feet in thickness contain highly productive inter-till
sand and gravel aquifers. A number of major outwash
plain and “valley train” sand and gravel deposits are
associated with the St. Joseph, Elkhart, Pigeon, Fawn,
Eel, and Tippecanoe River valleys. These sources are
capable of large ground-water production. Wells with
capacities greater than 400 gpm, or 0.6 mgd, are quite
prevalent.

Central Indiana In the central portion of the state
ground-water conditions range from fair to good. Well
yields from 100 to 400 gpm or from 0.15 to 0.6 mgd are
typical for many large-diameter wells. Both outwash
sand and gravel and limestone and dolomite bedrock
aquifers are tapped to meet the needs of the users of
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- large volumes of water. Major ground-water sources

are present in the valleys of the West Fork of the
White, Whitewater, Eel, and Wabash Rivers, and in
portions of the valleys of Eagle, Fall, and Brandywine
Creeks and the Blue River. Bedrock aquifers in the
Silurian-Devonian limestone sequence are also fre-
quently utilized, and wells in these deposits are capa-
ble of yielding from 100 to 600 gpm or 0.15 to 0.9 mgd.
Locally, thicker inter-till sand and gravel aquifers are
present that are capable of meeting small municipal
and industrial needs. These sources are normally ca-
pable of yielding up to 300 gpm.

Southern Indiana Many areas of the southern part of
the state are particularly lacking in ground water, and
only limited amounts, generally less than 10 gpm are
available to properly constructed wells. In these areas
the major sources of ground water are present in the
sand and gravel deposits of the stream valley aquifers.
These sand and gravel aquifers are extensively tapped
by a number of municipalities, rural water systems,
and irrigation users. The valleys of the Eel, East and
West Forks of the White, Ohio, Wabash, Whitewater,
and main stem of the White are underlain by thick de-
posits of outwash sand and gravel capable of supply-
ing over 1,000 gpm or 1.4 mgd to properly constructed,
large diameter wells.

Ground-Water Levels

When water is withdrawn from an aquifer system
the water level in the aquifer may decrease, just as the
level of surface water may decrease when water is
withdrawn from it. Providing that the rate of with-
drawal of ground water does not exceed the annual
average recharge to the aquifer, the aquifer system will
not be “mined” or undergo a continual decrease in
ground-water levels.

Water level changes for many aquifer systems are
monitored for both natural changes and those pro-
duced by pumpage through the network of observation
wells. During the long period of monitoring water
levels, there have been no discernable long-term
changes, in the form either of lowered or rising water
levels.

In general, ground-water levels naturally follow a
rather consistent seasonal pattern, reaching annual
high levels in late April or early May, and then begin-
ning a slow but continuous decline through the sum-
mer growing season. In the fall, with the onset of sea-
sonal increases in precipitation and major reductions
in evapotranspiration, the ground-water levels begin to
rise.

Normal annual water level changes are typically in



the range of three to seven feet in most aquifers. The
extreme ground-water level changes range [rom as lit-
tle as two feet to over fifteen feet, depending upon the
aquifer's extent, thickness, and other physical proper-
ties. The "drought” conditions of late 1976 and early
1977 produced some ol the lowest water levels that
frave been noted in the last twenty years. However,
even these extremes were only slightly below normal
low water levels, and the declines were quickly cor-
rected by increased precipitation in late 1977, with
water levels rising to, or above, average.

Statewide water level trends have reflected no long-
term rise or decline in water levels, as shown in Figure
23. Large ground-water withdrawals, however, have
caused pronounced declines in local water levels, par-
ticularly near municipal well fields, stone quarries,
sewer dewatering projects and in some areas of irriga-
tion usage.
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Water levels in selected observation wells frorn 1966 to 1977,

SURFACE WATER

As noted in the introductory statement on the water
resource, surface water in Indiana, defined herein as
water in lakes and watercourses, has three compo-
nents of supply. These are (1) that portion of precipi-
tation that falls at rates in excess of the infiltration ca-
pacity of the land surface and consequently runs off
over the land surface to watercourses, (2) the
ground-water contribution to streamflow, and (3) that
portion of precipitation that falls directly on lakes and
streams.

The predominant characteristic ol streamfiow in In-
diana is variability. Examination of the components of
supply will reveal that each is directly or ultimately
reflective of precipitation, which in itsell is highly vari-
able in both time and space.

The surlace runoff component, which on a statewide
basis comprises approximately seventy to seventy-five
percent of the average annual surface water yield, is
directly and intimately related to specific precipitation
events in volume, in space, and in time. Surface runofl
normally occurs only when precipitation is falling at
rates in excess of the infiltration capacity of the receiv-
ing land surface, and it stops when precipitation
ceases to fall at such rates, although surface runoif can
result from the melting of accumulated ice and snow
without the advent of further precipitation. Therefore
streamflow is highly variable and may, within a period
of a few days, and even less on small streams, range
from high flood Bows to rates that are essentially com-
prised of the ground-water contribution,

On the other hand, the variability of precipitation
does not immediately affect the contribution of ground
water to surface streams. As precipitation infiltrates
downward through the soil it supplements the water
occurring in the aquifers. Eventually, depending upon
the permeability of the aquiler, the ground water will
migrate to a surface stream where it will emerge as
baseflow to that stream. This baseflow constitutes the
major portion of the normal and low flow of the stream
and is a significant part of the waler contained in the
stream during periods between runolf-producing rain-
fall events.

The availability of water in streams therelore cannot
be simply described or evaluated. There must be con-
sidered such questions as: At what point on a stream
is a determination of availability desired? On what
basis of dependability is the assessment to be made?
Is the assessment to be made on the basis of the natu-
ral regimen of flow or on the basis of regulated stream-
flows?
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Streamflows

The basis of our knowledge of streamflows in Indi-
ana is a statewide network of slream gaging stations
strategically located on the rivers and streams where
continuous recerds of low are collected. While there
are a lew gaging stations dating back to the 1920s and
earlier, the modern network was developed in 1940,
The major portion of this network is operated on a
cooperative basis between the United States Geologi-
cal Survey and the State of Indiana, and in 1978 there
were 181 permanent stations in operation, together
with 196 “partial record" stations where information is
obtained only on either high or low flows. The network
of stream gaging stations is shown on Figure 24.

Several analytical tools may be employed to de-
scribe streamflow availability, and these are described
here to assist in developing an overall impression of
the surface-water resource.

Hydrograph Separation One oi the areas of interest is
that of the relative proportions of streamflow contrib-
uted by surface runoff and by ground water. A reason-
able approximation of these relative contributions may
be gained from the technique of hydrograph separa-
tion. A discharge hydrograph is a graphic plot of the
flow of a stream with respect to time, Hydrograph sep-
aration involves an analysis of the annual hydrograph
of streamflows to separate the surface runofl and
ground-water components of flow. This has been ac-
complished for a limited number of gaging stations
around the state [or a typical “wet," “dry,” and “aver-
age” year, as indicated on Figure 25. While these can-
not be broadly generalized, they do assist in under-
standing the relative role of the two components of
flow. The relative proportions of surface runofl and
ground-water contribution to total streamflow are de-
pendent upon the various climatic and geologic set-
tings that occur within Indiana.

Average flow Average Aow is a significant parameter
used to describe streamflow and is a measure of the
overall yield of the stream. Obviously, it does not pro-
vide information as to the degree of variability in Row,
but it is uselul in providing guidance as to the general
significance of the particuiar stream. It represents the
theoretical upper limit of the yield which can be
developed from the stream even with flow regulation
works. The average flow for a given stream at a given
point is primarily a function of the size of its contribut-
ing drainage areas, the precipitation regime, the geol-
ogy, the soils, and the topography.

Flow Duration Curve A second tool that helps to define
the How characteristics of given streams at specific
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points is the flow duration curve. This is a graph that
indicates the percent of time that a given rate of flow
is equalled or exceeded. The Aow duration curve is a
measure of streamflow reliability, or percent of total
time that a specific flow in the stream can be expected
to be equalled or exceeded. The horizontal axis of the
flow duration curve represents the percent of time the
streamflow is equalled or exceeded. The vertical axis
represents the streamflow in million-gallons-per-day
per square mile of drainage area. The flow is expressed
in million-gallons-per-day per square mile of drainage
area in order to minimize the elfect of differences in
the size of drainage basins.

Moregver, the flow duration curve provides valuable
information about the geologic and hydrologic char-
acteristics of the drainage basin. The overall slope of
the curve is an indicator of the degree of variability in
streamflow. A curve with a steep slope is typical of a
stream whose flows are primarily due to surface runoff
from specific precipitation events and which is there-
fore highly variable. A curve with a flat slope indicates
a stream whose drainage basin is characterized by
substantial ground-water contributions to streamflow,
which raises the lower end of the curve, and by large
amounts of flood plain storage that work to reduce
high discharges and thus lower the high end of the
curve,

Low Flows Two other parameters, based upon statis-
tical and probability analysis ol gaging station records,
are the seven day, once in ten year low flow and the
one day, once in thirty year low flow. The seven day,
once in ten year low flow represents the lowest aver-
age discharge, over a period of seven consecutive
days, which is expected to occur once in ten years, on
the average, or that which has a ten percent chance of
occurrence in any given year. The general range of the
seven day, once in ten year low flows for selected
streams in Indiana is shown in Figure 26. The one day,
once in thirty year low flow represents the lowest av-
erage cne day How expected to occur once in thirty
years, on the average. Such a flow is a useful expres-
sion of the capability of a stream to furnish water on a
highly dependable basis.

Reglonal Streamflow Patterns As an example of
the insight into surface-water availability that may be
gained from these analyses, three streams have been
selected: the Kankakee River at Shelby, the West Fork
of the White River at Muncie, and Laughery Creek near
Farmers Retreat. These streams are located in north-
ern, central, and southern Indiana, respectively, and
therefore serve to illustrate the difference in stream-
flow characteristics resulting from regional differences
in geologic and hydrolegic settings.
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Figure 26
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The flow duration curves for the Kankakee River at
Shelby, the West Fork of the White River at Muncie,
and Laughery Creek near Farmers Retreat is shown by
Figure 27.
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Figure 27

The fiow duration curve (from top to bottom), for the Kan-

kakee River at Shelby, the West Fork of the White River at

Muncie, and Laughery Creek near Farmers Retreat. The hori-

zontal axis represents the percent of time the streamflow is

equalled or exceeded. The vertical axis represents the

streamflow in million-gallons-per-day per square mile of
drainage area.
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Northern Indiana Considering first the Kankakee
River at Shelby, it is noted that the flow duration curve
has a flat slope, indicative of (1) a relatively narrow
range from high to low flows, (2) a very substantial
ground-water contribution to streamflow, and 3
substantial flood plain storage. The hydrograph sep-
aration analysis indicates the ground-water contribu-
tion to streamflow is on the order of sixty-four percent
of total streamflow for an “average” year, and ranges
from thirty-two percent for a “wet” year to seventy-
two percent for a “dry” year. The role of the ground-
water component is extremely significant in the Kan-
kakee River basin.

The seven day, once in ten year and one day, once
in thirty year values of 0.150 million-gallons-per-day
per square mile (mgd/sq. mi.), and 0.121 mgd/sq. mi.,
respectively, are indicative of unusually well-sustained
low flows and a high degree of dependability of flow,
which are again reflective of the high ground-water
contribution to flow.

Central Indiana In comparison, the flow duration
curve for the West Fork of the White River at Muncie
exhibits a considerably steeper slope, indicative of
higher variability in flow and a lesser contribution of
ground water to total streamflow. The hydrograph
separation data reveal that the ground-water contri-
bution to flow is about twenty percent for an “average”
year (as compared to sixty-four percent for the Kan-
kakee River), ranging from thirteen percent for a “wet”
year to thirty-eight percent for a “dry” year. Thus the
role of ground water in the streamflow regimen is im-
portant, but not nearly so significant as in the case of
the Kankakee River.

The seven day, once in ten year and one day, once
in thirty year values of 0.006 and 0.002 mgd/sq. mi.,
respectively, are reflective of the substantially lesser
flows available on a dependable basis for the White
River as compared to the Kankakee River.

Southern Indiana Lastly, the fiow duration curve for
Laughery Creek near Farmers Retreat has a very steep
slope, indicating a stream with highly variable flow.
Such a regime is reflective of relatively limited flood
plain storage and a low ground-water contribution to
streamflow. This latter factor is an expression of the
general low availability of ground water in the drain-
age basin.

The seven day, once in ten year and one day, once
in thirty year values of zero flow in both instances em-
phasize the fact that streamflow is made up largely of
direct surface runoff, is highly variable, and has low
reliability of flow. Hydrograph separation indicates the
ground-water contribution to streamflow is only sev-
enteen percent for an “average” year, eighteen percent
for a “wet” year, and eight percent for a “dry” year.



Statewide Streamfiow Data  Tables 4, 5, 6, and 7 are a
summary of flow characteristics of streams located in
the Great Lakes, Wabash, Upper Mississippi, and the
Ohio River tributary drainage basins. The streams,
listed in alphabetical order by drainage basins, are
those with stream gaging stations where relatively
long periods of record are available.

The mean'annual Aow characteristics in million-
gallons-per-day per square mile represent the annual
average streamflow adjusted to the size of the
drainage basin. Expressing annual average streamfow
in million-gallons-per-day per square mile (mgd/sq.
mi.) minimizes the dillerences in the size of drainage
basins. Usually, the annual average fow characteristics
of a stream with a small drainage basin will be greater
than the stream in a larger drainage basin. In other
words stream discharge is expected to increase as the

size of the drainage basin decreases. When two
streams with drainage basins of the same size have
different flow characteristics, in mgd/sq. mi. and simi-
lar periods of record, the difference may be accounted
for in the difference in the topgraphy between the
drainage basins. Generally the steeper the terrain, the
higher the discharge of the stream. Conversely, the
drainage basin with moderate relief may have dis-
charges of less magnitude,

Tables 4, 5, 6 and 7 also present the hydrograph
separation data where available. This information is
represented as the percent of streamflow in an average
year of precipitation for both the ground -and suriace-
water contribution to streamfiow. The following pa-
rameters provide a perspective of the streamflow
characteristics of Indiana streams.

Table 4
Flow characterislics in million-gallons-per-day per square mile ol Indiana
streams located within the Great Lakes drainage basin.

. Percent of Streamfow in
Low Fiow

: Drainage Mean Annuail . an “Average” Year of
Reg:izﬁ::ftue Area ) Flow Characteristics _ (mgd/sq. mi) Prec{p itation
{square miles) {(mgd/isq. mi.) 0710 01-30 Ground-Waier Surlace-Warer
Contribution Contribution

Elkbhart River 594 544 .086 017 46 HL: |
at Goshen
East Arm Little 66 694 195 166 na na
Calumet River al
Porter
Maumee River at 1,967 508 .023 016 na na
New Haven
North Branch ol 134 .08 021 010 na na
the Elkhart River
near Cosperville
5t. Marys River 621 508 .0I0 006 16 84
at Decatur
St. Marys River 762 492 008 .005 na na
near Ft. Wayne
St. loseph River 763 502 .014 003 na na
at Cedarville
5t. Joseph River 3370 5Bl 155 .081 na na
at Elkhart
St. Joseph River 1,060 .589 .028 022 na na
near Ft. Wayne
St. Joseph River 610 525 020 .015 na na

near Newville

na: not available
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Table 5
Flow characteristics in million-gallons-per-day per square mile of Indiana
streams located within the Wabash River drainage basin.

Percent of Streamflow in

Low Flow .. "
; Drainage Mean Annuai ; an “Average” Year of
Repsl;re.;:;:grwe Area Flow Characreristics {mg_d/_sq. mi.) o o Precipitation
{square miles) (mgd/sq. mi) Q7-10 01-30 Ground-Water Surface Water
Caniribution Contribution
Big Blue River 184 683 094 070 na na
at Carthage
Big Blue River 421 702 062 051 na na
at Shelbyville
Big Pine Creek 323 501 016 011 na na
near Williamsport
Busseron Creek 228 596 001 0 na na
near Carlisle
Busseron Creek 17 723 0 0 na na
near Hymera
Busseron Creek 138 643 009 005 na na
near Sullivan :
Eagle Creek at 103 S84 0 0 na na
Zionsville
East Fork White 3,861 606 040 026 36 64
River near Bedford
East Fork White 1,707 686 048 037 na na
River at Columbus
East Fork White 2,341 656 046 035 na na
River at Seymour
East Fork White 4927 692 .033 015 na na
River at Shoals
Eel River at 830 633 013 009 28 72
Bowling Green
Eel River near 789 589 079 062 na na
Logansport
Eel River at 417 539 053 029 83 77
North Manchester
Fall Creek near 169 621 060 045 na na
Fortville
Fall Creek 298 545 082 066 na na
at Millersville
Flatrock River 303 666 004 001 na na
at St. Paul
Graham Creek 77 780 0 ] na na
near Vernon
Little River near 263 551 009 004 na na
Huntington
Mississinewa 310 554 006 004 na na
River near Eaton
Mississinewa 682 .B610 017 003 na na
River al Marion
Mississinewa River 133 603 {005 002 na na
near Ridgeville
Muscatatuck River 365 685 002 20 na na
near Austin
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Table 5 (continued)

Percenr of Streamfow in

P Drainage Mean Annual : an “Aperage” Year of
Regl;f;znmrgnue Areu Flow Characteristics (mgd/sq. mi) L
{square miles) (mgd/sq. mi.) 07-10 01-30 Ground-Water Surfece-Water
Contribution Conarribution

Muscatatuck River 293 137 0 .0 na na
near Deputy
North Fork Salt 120 702 0 0 na na
Creek near Belmont
North Fork Salt 76 544 0 0 na na
Creek at Nashville
Patoka River 171 775 001 0 na na
near Ellsworth
Patoka River 262 461 o2 0 na na
at Jasper
Patoka River near 822 .51 001 .0 14 86
Princeton
Patoka River at 603 715 001 .0 na na
Winslow
Pleasant Run at 7 586 0 0 na na
Arlington Avenue
Pleasant Run at 10 595 a .0 na na
Brookville Road
Salamonie River 86 532 007 003 na na
at Portland
Salamonie River 425 A74 .01 007 na na
near Warren
Salt Creek 573 139 002 001 na na
near Peerless
South Fork Salt 38 676 0 0 na na
Creek at Kurtz
Sugar Creek near 670 £06 .021 014 na na
Byron
Sugar Creek at 509 597 .009 004 25 5
Crawfordsville
Tippecanoe River 1,865 .60 .062 .035 na na
near Delphi
Tippecanoe River 1,732 .554 .068 038 na na
near Monticello
Tippecanoe River 856 602 .093 073 na na
near Ora
Tippecanoe River 113 .559 .008 .001 na na
at Oswego
Vernon Fork near 86 696 00z 0 na na
Butlerville
Vernon Fork at 198 106 0 0 20 80
Vernon
Wabash River at 532 470 006 004 na na
Blufiton
Wabash River at 8218 565 056 042 na na

Covington

43



Table 5 (continued)

Percemt of Streamflow in

Low Flow “ N
; Drainage Mean Annual . an "Average” Year of
Re%‘;f:;"f;:"m Area Flow Characleristics (mgd/sq. mi.) Precipitation
(square miles) (mgd/sq. mi.) 07-10 01-30 Ground. Water Surface-Water
Contribution Comtribuiion
Wabash River 7267 564 044 039 na na
at Lafayette
Wabash River at 453 542 009 007 na na
Linn Grove
Wabash River 11,118 550 049 035 na na
at Montezuma
Wabash River 28,635 598 051 039 na na
at Mt. Carmel
Wabash River 262 A77 005 .00z na na
near New Corydon
Wabash River 13,161 554 057 045 na na
at Riverton
Wabash River at 12,265 550 052 038 na na
Terre Haute
Wabash River 13,206 542 056 042 na na
at Vincennes
West Fork White 29 614 0 0 na na
Lick Creek at
Danville
West Fork White 406 SB87 064 046 na na
River at Anderson
West Fork White 2,444 634 .060 044 na na
River at Centerton
West Fork White 1635 542 021 009 na na
River at
[ndianapolis
West Fork White 241 555 006 002 20 80
River at Muncie
West Fork White 4,688 628 .044 033 na na
River at Newberry
Weast Fork White 858 613 058 041 na na
River at Noblesville
West Fork White 828 619 051 037 na na
River near
Noblesville
West Fork White 1219 563 060 047 na na
River near Nora
West Fork White 2,988 640 049 037 na na
River at Spencer
White Lick Creek 212 624 .011 005 na na
at Mooresville
White River at 11,125 627 044 033 na na
Petersburg
Wildcat Creek 146 527 008 004 na na
near Jerome
Wildcat Creek 794 590 045 033 na na
near Lafayette
Wildcat Creek 396 590 031 020 na na

at Owasco

na: nat available
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Table 6
Flow characteristics in million-gallons-per-day per square mile of Indiana
streams located within the Upper Mississippi River drainage basin.

Percent of Streamfow in

Low Flow P e
; Drainnge Mean Annual . an “Average” Year of
Reg‘:f;znmr:rme Area Flow Characterisiics ) (mgd/sq. mi) . Precip r'fafl'o.ll'l B
(square miles) (mgd/sq. mi) or-10 Q1-30 Graund-Water Surface-Water
Contribution Coniribution
Iroquois River 449 518 .014 009 na na
near Foresman
Iroquois River 144 550 017 .009 na na
near North Marion
[roquois River 203 507 .016 006 na na
at Rensselaer
lroquois River 36 459 034 016 na na
at Rosebud
Kankakee River 537 h94 220 187 na na
at Davis
Kankakee River 1352 610 158 134 na na
at Dunns Bridge
Kankakee River 174 543 204 167 na na
at Neorth Liberty
Kankakee River 1,779 570 .150 J21 64 36
at Shelby
Little Calumet 90 A76 ) 023 014 na na
River at Munster
Yellow River 135 496 030 026 na na
near Bremen
Yellow River 435 968 105 08D na na
at Knox
Yellow River 294 547 .042 033 na na
at Plymouth

na: not available

Table 7
Flow characteristics in million-gallons-per-day per square mile of Indiana
streams located wilhin the Ohio River Tributary drainage basin.

Percent of Sireammflow in

Low Flow e N
" Drainage Mean Annuval , an “Average” Year of
Re,g_:rﬁe:ﬁ?!me Areu Flow Characteristics (mg_d/sq. m) . Precipitation .
(square miles) (mgd/sq. mi) 07-10 Q1-30 Ground-Water Surface-Water
Coniribution Contribution
Blue River 476 842 018 013 30 70
near White Cloud
East Fork Whitewater 200 .746 074 058 na na
River at Abington
Laughery Creek 248 132 it 0 19 8l
near Farmers Relreat
Middle Fork Anderson 40 851 0 0 na na
River at Bristow
Silver Creek 189 716 0 .0 na na
near Sellersburg
Whitewater River 529 658 060 042 37 63

near Alpine

na: not available
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Lakes and Dams

There are approximately 520 natural lakes and ar-
tificial impoundments having a surface area of 50.0 or
more acres or with a storage capacity of 100 acre-feet
(32.5 million gallons) or more. These lakes and reser-
voirs have a combined surface area of about 92,800
acres and a gross storage capacity of some 606,000
million gallons. Of this total approximately 195500
million gallons are dedicated to the purpose of water
supply.

The major water supply reservoirs in the state are
Cedarville and Hurshtown (Fort Wayne), Geist, Morse
and Eagle Creek (Indianapolis), Prairie Creek (Muncie),
Kokomo Reservoir (Kokomo), Middie Fork
(Richmond), and the water supply pools of the Mon-
roe, Brookville, and Patoka Reservoirs of the U.S, Army
Corps of Engineers. The water supply storage in these
latter three projects has been purchased by and is
under the direct control and management of the State
of Indiana.
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Geographic Advantages

There are two natural features of great significance
to the water resource of Indiana. One of these is Lake
Michigan, of which some 241 square miles (154,240
areas) lie within the boundaries of the state. Lake
Michigan and Lakes Superior, Huron, Erie, and Ontario
comprise the Great Lakes and together constitute a
fresh water resource whose annual outflow through
the St. Lawrence River averages about 239,000 cubic-
feet-per-second or approximately 154,640 million-
gallons-per-day. As a riparian state, Indiana has the
use of Lake Michigan water within that portion of the
state lying within the Lake Michigan drainage basin.

The other {eature is that of the Ohio River, one of
the great rivers of the United States, which borders
Indiana for some 357 miles on its southern boundary.
The average flow of this river at Louisville, Kentucky is
73,680 million-gallons-per-day.





